From: Jacobs, William

To: Garrison, Scott

Cc: Recore, Shanna; Cook, Colwell; Odenkirchen, Edward; Russell Wasem
Subject: Old Brodifacoum Stuff

Date: Wednesday, March 27, 2013 8:42:42 AM

Attachments: lerley-071290-MtgRedgReToxHazardBioaccum.pdf

HumanDeaths-Klerat-Indonesia-092083.pdf
10182-28-061990-BFCincidentsIClsummaries.pdf
10182-0-052085-pulsed-normal-nontargets.pdf
10182-20-93-BitrexBottlesWaterer-013190.pdf

Confidential Communication for Internal Deliberations Only. Attorney-client Privilege. Do Not
Distribute Outside EPA.

Due to the FOIA and the Reckitt case, | have been going through and scanning my rodenticide files.
As | am doing the anticoagulants first and doing them alphabetically, | have found a number of
items related to Brodifacoum that might be of interest and perhaps useful. | have attached some
of them. (I wish that | had proofread some of my items better than | did, especially the one on
human fatalities.)
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 CERTTFIED MAIL ICI Agricultural Products

RETUEN RECEIPT REQUESTED Wilmington
Delaware 19897

% ’ Telex 4945649

Fax (302) 886-1553
Mr, Steve Palmateer 255

Product Management Team (16)
Insecticide-Rodent.icide Branch
Regisitration Division (H7501C)
Environmental Protection Agency
40l M Street, S.W.

Washington, D.C. 20460

Dear Mr. Palmateer:

RE: MEETING TO DISCUSS BRODIFACOUM

ICL Zmericas Inc. is herein requesting a meeting on July 19, 1990
to discuss with Agency scientists some of their concerns about
brodifacoum. Attending from ICI would be Peter Batten, Central
Toxicology Laboratory, Alan Buckle, Fernhurst, Tim Pastoor,
Wilmington, and myself. .We request that in addition.- to yourself,
EPA he represented by Bill Jacobs and Bob Zendzian. Please feel
free to . have others 1n attendance who ‘may benefit . from the
discussions.” " s 4. A .

The issues that we would like to address are:
1. Recent studies conducted on brodifacoum within the areas of
concern of bioaccumulation, lethality, persistence and secondary

poisoning.

2. .Toxicology -studies which currently form the brodifacoum
package.

3. Brodifacoum as compared to other secqndzqenenation
an-icoagulants. ; : ) ;

4. Human and companion animal poisonings.
We feel these discussions will be very beneficial to ali.involved.

Therefore, we respectfully request that a conference room be
reserved on July 19, 1990 for two hours.

A tiessiess it of ICH Amencas inc





Since travel from the UK is involved, I would appreciate a
confirmation of the arrangements as soon as possible. Please call
me: 2t (302) 886-1221 if you require further information.

Sincerely,

R danday

Diarne L. Ierley
Senior Pesticide Regulatory Specialist

cé: P.L. Batten, CTL
4 A.P. Buckle, Fernhurst
. T. Pastoor
Bob Zendzian, EPA
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Comments: KLERAT RM POISONING INCIDENT, LAMPUNG PFOVINCE, SOUTH SUMATRA,
INDONESIA: DECEMBER 1982 - JANUARY 1¢83 by I. S. Chart
ICI Americas Inc.
Wilmington, DE 19897

This paper reports on the effects of an unfortunate sequence of events
which left 20-25 Indonesians dead of apparent rodenticide poisoning and the
manufacturers attempts to see that some 50 other exposed persons received
acequate surveillance and treatment. These exposures came about because of
hunger and ignorance. Shortage of proper medical supplies and human factors
delayed effective treatment and may have led to some otherwise preventable
deaths.

Due to a food shortage and a local abundance of Klerat, a 0.005%
brodifacoum bait with rice as the grain base, one family attempted to detoxify
the bhait so that it could be used as human food. The bait was washed, boiled,
washed again (three times), cooked, and fried. One or two days after the bait
was @aten, the family pronounced the bait as safe. Subsequently, other families
tried to detoxify bait and consumed the treated material. Eventually, 71 people
were so exposed, with 20 dead and five members of the family originally eating
the bait missing (the sixth was died, after which the remainder left the village).

After a series of bureaucratically delayed attempts, ICI personnel were
permitted to establish a treatment and surveillance program. Some of the
individuals monitored were treated with vitamin Ky and/or other vitamins. By
the end of January, only two of the subjects under surveillance had elevated
prothrombin times.

This report was submitted by Mr. James M. Wagner of ICI Americas, principal
registrants of brodifacoum baits (under named of TALON and HAVOC) in the U.S.
Klerat is sold to Indonesia by ICI America's parent firm, Imperial Chemical
Industries, which is based in England. Mr. Wagner describes the incidents as
having resulted from "gross misuse" of the bait. Clearly, this description is
accurate.

The report by one of Imperical Chemical's toxicologists indicates a belief
that similar problems could arise in the future and suggests that a monitoring
program be established. Failing ability to monitor prothrombin times, Chart
recommends giving daily oral doses of Vitamin Kj to exposed subjects.

The entire incident if reminiscent of the VACOR incident in Korea in
1974-5. It appears that the combination of hunger and ignorance can cause great
problems when rodenticides are available in large quantities in "developing"
counktries. In both cases, many people ingested bait. In Indonesia, people
falsely concluded that survival for 1-2 days after ingestion indicated that the
bait was safe. Had these people known that anticoagulants normally take 3-5
days befor any symptoms are shown, spread of intake beyond the first venturesome
family may have been avoided.

William W. Jacobs
Bilologist

IRB/TSS

9,/20/83
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Recorc Number(s)

264193

N 5/15/90cT 6/19/90

EFFICACY

10128-28
FILE OR REG. NO.

PETITION CR EXP. PERMIT NO.
5/9/90

[CATE DIV. RECEIVED

DATE QOF SUBMISSIOGN 5/2/90 :

DATE SUPMISSICN ACCEPTED 5/15/90

TYPE PRODUCIS(S): I, D, K, F, N, R,x S

' DATA AQCESSION NO(S).  none :

PRODUCT MGR. NO. 16
PRODUCT MNAME (S)  BRODIFACOUM CONCENTRATE

C@'GPAN-Y NAME ICI Americas, Inc.

SUBMISSICN PURPOSE‘. provide "information™ on incident rsports involving this
o

compound that were made to ICI's owa hotline

' 0.25% Brodifacoum concentrate
CHEMICAI, & FORMULATICN
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Efficacy Review: BRODIFACOUM CONCENTRATE, 10128-28

200.0

200.1

200.2

201.0

202.0

ICI Americas, Inc.
Wilmington, DE 19897

INTRODUCTION
Uses
A ().25% Brodifacoum concentrate registered "FOR FEFORMULATING USE ONLY".

Background Informations

Se¢ previous efficacy reviews and other information in product jackets, which
were not available at the time of this review. Some reviews done for this
product (e.g., the efficacy review of 1/31/90) are not in the Jacket for this
prceduct. Consult jackets for ICI's other Brodifacoum products for copies of
reviews missing from the file for 10182-28.

The current submissions consists of a cover letter and a brief report entitled
"EMERGENCY CALL REPORT FOR ICI AMERICAS' RODENTICIDES TALON AND HAVOC 1989."

DATA SUMMARY
No efficacy data were submitted.

In her cover letter, Diane L. Terley of ICI states that the report was submitted
"as required by the subject letter," EPA's letter of 9/2/86, which concluded
with the statement

"Continue to submit annual reports sumarizing emergency treatment calls
recelved by ICI until further notice."

The actual report consists of three paragraphs of text and a single table. As
there reportedly were 757 Brodifacoum-related calls to ICI's hotline in 1989,
it 1s clear that ICI's report spares many details. The vast majority of calls
(84.2% of human-related calls and 88.9% of animal-related calls) refer to
specific incidents, virtually all of which were oral exposures. Relatively few
calls were made by PCOs (8.2% of human-related calls, 6.4% of animal-related
calls). Most human related calls were made by relatives (55.2%), health
professionals (13.6%), and the "HOME OWNER" (10.5%), who perhaps was not a
relative of the victim. Victims made 1.2% of the human-related calls. Pet
ownzsrs made 72.0% of the animal-related calls, with the "HOME OWNER" making 8.5%.
These data are somewhat consistent with results obtained though the Illinois
Animal Poison Control Center's hotline,

“his brief report provides little information regarding levels of exposures
that occurred in the incidents that prompted the calls and does not provide any
information on the outcomes of these incidents.

CONCLUSIONS

le examined your report entitled "EMERGENCY CALL REPORT FOR ICI AMERICAS'
FODENTICIDES TALON AND HAVOC 1989" and were disappointed in its limited
Information regarding the levels of exposure involved in the incidents,
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tae numbers of incidents in which victims were glven medical or veterinary
treamtents, and the ultimate outcomes of the Incidents. Your sketchy data
are consistent with data from other sources in indicating that typical

Brodifacoum calls refer to incidents of oral exposure which involve a pet or
relative of the caller.

William W. Jacobs

Principal Specialist: Rodenticides
Insecticide-Rodenticide Branch
June 19, 1990
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Discussion of Efficacy and Safety Studies of Brodifacoum Run in United Kingdom

Submitted as Possible "Adverse" Data by ICI Americas and
Forwarded to TSS by PM Team 16 for Review uncler Designation 10182-Q

Three studies of Brodifacoum baiting programs ruri in England were forwarded to
EPA by Barbara J. Kaminski of ICI Americas, Wilmington, DE. ICI is the principal
marufacturer of Brodifacoum in the U.S.A. PM Team 16 has forwarded copies of
these studies to TSS and to HED/EEB for review, posing the question

"Would studies impact negatively on currently registered use patterns
(in and around buildings for commensal rodents) or on possible future
use patters (orchards, rangelands)?

Put simply, the answer to the first part of the cuestion is that the studies
suggest that currently registered use patterns coulc be retained, although
mocifications in baiting directions and a change in classification may be
warranted. The study results, along with other available information, suggest
that this compound should not be used on rangeland ¢t 0.005% concentrations and
is not. the safest possible choice for use in orcharcs, even with bait strength
reduced to 0.001% Brodifacoum.

The following studies were submitted:
Bdwards, P.J. and Swaine, H. (1983) Brodifacoum: hazard to non-target

animals from the use of "Klerat" bait on farms in the UK for control
of the common rat Rattus norvegicus. ICI PPD) Report No, RJ0305B.

dwards, P.J., Swaine, H., and Kennedy, S.H. (1984) Brodifacoum: hazard
to non-target animals from "pulsed" baiting with "Klerat" pelleted bait
around farm buildings. ICI PPD Report No. RJ0369B.

dwards, P.J., Swaine, H., Coulson, J.M., Kennedy, S.H., and Richards,
C.G.J. (1984) Brodifacoum: hazard to non-target animals from ‘'pulsed’
baiting with wax block baits around farm buildings. ICI PPD Report
No. RJ0375B.

In these studies, the efficacy and non-target effects of various Brodifacoum
baits were reported. Baits were applied by farm personnel. Written instructions
on applications methods were provided in all cases. Training was provided for
the studies in which "pulsed" baiting was used, since this method varies from the
typical application methods used for anticoagulants. In "pulsed" baiting, bait
is provided once a week in smaller quantities than in typical anticoagulant
baiting.

Typical methods call for maintaining an uninterrupted supply of from four
ources to one pound of bait per placement. According to Edwards and Swain (1983),
when Brodifacoum is applied by traditional methods, target rats become severely
overdnsed because there is enough bait present for @nimals to feed for three or
four days before the onset of toxic symptaoms. This supere-dosing raises the
risks of secondary poisoning. Because Brodifacoum :is retained in the rats body
for a long period of time, most of the toxicant consumed remains when the primary
victim is eated by a scavenger or predator.
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The half-life of Brodifacoum in the rat is estimated to be 150-200 days. The
relention of this compound in the system seems to b2 the cause of its action as a
"single-dose" anticoagulant. After a rat has eaten a reasonably ample amount of
the material on one day, the animal has consumed a dJose sufficient to cause death,
eventually. Even with an anticoagulant like Brodifacoum, there is a lag period of
from three to six (or more) days between initial consumption and death. For much
of this time, the animal appears to be healthy and feeds normally. Since the
animal has no reason to suspect that the bait is toxic, more and more is consumed.

The "acute" action of Brodifacoum may be one of the reasons why it is more
toxic to most bird species than are "first generation" anticoagulants. The
single—dose killing power and the high toxicity of the compound to many nontarget
species prompted me to suggest, as early as in 1978, that Brodifacoum baits
registered in the U.S. be classified as "Restricted Use Pesticides". The efficacy
of the compound against target species, including taose which are apparently
resistant to Warfarin, is the primary reason why th2 material is important to
rodent control, and why avenues for retaining registrations while mitigating risks
should be explored fully.

Edwards and Swaine (1983) analyzed carcasses of rats poisoned on the study
farms. Residues up to 11 mg/kg body weight were reborted. The authors calculated
these residues to be "up to 40 times the LDgp dose and greater than the LCgy
values of some non-target species.”

Study personnel searched the vicinities of treated areas for animal carcasses.
In addition to several hundred dead rats, Edwards and Swaine (1983) report that
181 nontarget carcasses were found on the 11 farms. Of these, 57 were classed as
"Caused by Brodifacoum” or "Suspected due to Brodifacoum". Where bait was applied
determined to a great extent whether the nontarget victims found were apparent
victims of primary poisoning (through eating the bait itself) or secondary
poisoning (through consuming animals which had fed apon the toxic bait). This
contrast is illustrated in the the following table:

TYPE OF POISONING NUMBERS OF NONTARGET CARCASSES RECOVERED (%)
SUSPECTED
Type of Location Where Bait Was Applied
In or Around In or Near
Farm Buildings Fields
Primary 26 (81%) 4 (16%)
Secondary 6 (19% 21 (84%)

TOTALS 32 (100%) 25 (100%)
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The secondary poisoning victims included 12 magpiss, 7 carrion crows, 3 cats,
2 tawmy owls, 2 buzzards, and 1 fox. The cats, the fox, and 2 of the magpiles
were found on sites where balting was limited to areas in and around buildings.
The primary victims included 16 chaffinches, 4 robins, 3 blackbirds, 2 dunnocks,
2 house sparrows, 1 brambling, 1 squirrel, and 1 rabbit. Two blackbirds, a
chaf"inch, and the squirrel were found near the baited fields. More nontarget
animils were probably poisoned but not found at the field sites. Presumably,
some of these animals became food for the poisoned scavengers. Edwards and
Swaine (1983) linked primary poisoning to insufficient covering of bait place-
ment:,

lMors than 80% of the identified secondary poisoning victims and more than
90% of the 1ldentified primary victims were birds. These data are consistent
with dakta showing that Brodiufacoum is highly toxic t> birds.

The "pulsed" baiting studies (Edwards, Swaine, ani Kennedy, 1984; and
Edwards, Swaine, Coulson, Kennedy, and Richards, 1984) were observed somewhat
more closely that the ad libitum baiting study (Edwards and Swaine, 1983).
Althougn training and written instructions were provijed, baiting apparently was
not supszrvised by ICI. Monitoring efficacy revealed that rat control was not
universally good on the study sites:

Study Number of Sites Range of Effectiveness
Pellets Pulse Baitedl 16 21-88%
Wax 3locks Pulse Baited? 10 48-100%

1 Edwards, Swaine, and Kennedy (1984)
2 Edwards, Swaine, Coulson, Kennedy, and Richards (1984)

In the study with pulsed balting of pellets, the mnedian Brodifacoum residue
in 59 rat carcasses was 1.1 mg/kg (range: undetectable to 13 mg/kg). This
median value was above the median of 0.5 mg/kg reporta=d by Edwards and Swaine
(1983) for the ad libitum baiting programs of the previous year. In the wax
block pulsed baiting study, residues in 60 rats ranged from 0.06 to 6.7 mg/kg.

(arcasses of nontarget animals were found in both studies of pulsed baiting
with Brodifacoum. Most of the deaths "Caused by Brodifacoum" or "Suspected due
to Brodifacoum" were apparently victims of primary poisoning. (It should be
noted, however, that small birds could be poisoned seczondarily by feeding upon
invertebrates which had fed upon the bait.) The numbsrs of Brodifacoum victims
clained were much lower for the wax block trials than for the pelleted bait
trials. In both of the pulsed baiting trials, more rsstrictive criteria for
assigning Brodifacoum as as suspected cause of death were applied than in the
ad 1ibitum baiting study (Edwards and Swaine, 1983).





Study Secondary Victims Primary Victims
Pellets Pulse Baited 2 58
Wax Blocks Pulse Baited 6 6

More than 90% of the presumed victims of primary poisoning victims in the
"Pellets Pulse Baited" study were birds, including two of the 18 chickens
belizved to have been present on one farm. The majority of birds taken were
Passeriformes. Three birds and three mammals were presumed to have been taken
by tnhe primary poisoning route in the wax block study. Presumed victims of
secondaery poisoning in the two studies included four magpies, two carrion crows,
a stoat,, and a house cat.

Edwards, Swaine, Coulson, Kennedy, and Richards (1984) concluded that there were

relatively few primary nontarget polsonings in thelr study because the wax block
products used (made by ICI and by Sorex) were not very attractive to nontarget

birds.

CONCLUSIONS
“+het
1. While it is not completely clear from the data provideqﬂpulsed baiting leads
to lower Brodifacoum residues in rat carcasses, this strategy does lead to
use of less bait. Use of less bait should, in the long run, lead to lower

residues and to less bait available for nontarget animals. EPA should explore

with ICI the possibility of modifying label baiting directions to include
pulsed baiting directions, perhaps removing the ad libitum baiting directions
now present on the labels. Changing these directions may require classifying
the: baits as a "Restricted Use Pesticides"™ since special skill would be
required to used them safely.

2. It is clear from the studies that Brodifacoum is very toxic to birds and
mammals which consume it in bait or in the body cf an animal which has eaten
bait.

3. Primary hazards may be reduced by covering baits (e.g., in "tamper-resistant"
bait stations) and by classifying baits as "Restricted Use Pesticides" unless,
perhaps, they are sold in mouse-sized, tamper-resistant, unit packaging.

4, Secondary poisoning hazards cannot be eliminated but can be reduced by limiting

palt placements to areas where potential secondary victims are few Iin number.

The UK data suggest that secondary poisoning hazerds are relatively low for
placements "in and around buildings", the types cf placements permitted on

labels currently registered in the U.S.

5. Aveilable data strongly suggest that 0.005% Brodifacoum balts should not be

registered for field use and indicate that seconcary poisoning of some
raptors can occur when 0.001% Brodifacoum baits ere used in vole control.
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6. The Agency must determine whether Bromadiolone presents some of the same

risks to the environment as Brodifacoum before taking any regulatory
action taken regarding Brodifacoum alone.

7. Despite its hazards, Brodifacoum remains a valuable tool for commensal
rodent control. Genuine effort must be made to determine whether it can

remain available, with appropriate restrictions and label changes, for
use in the U.S.

William W. Jacobs
Biologlst

IRB/TS3

May 15, 1985
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10182-20: 257867, 1/2/90 .
10182-21: 257868, 257269 \.1/12/90 — . 1/31/90
10182-24: 257870, 257270 o CUT
10182-25: 257872, 257271

10182-26: 257874, 257272 EFFICACY
10182-28: 257875, 257273 10182-60: 257882, 257279

10182-38: 257877, 257274 10182-61: 257883, 257280

10182-39: 257878, 257275 10182-75: 257884, 257281

10182-40: 257879, 257276 10182-76: 257885, 257282

10182-41: 257880, 257277 10182-93: 257886, 257283

10182-48: 257881, 257278

-FIIE OR REGG. NO. see above

PETITION O £.P. PERMIT NO.

DATE DIV. FBCEIVED 12/4/89, 12/15/89

DATE OF SUEMISSICGN 11/21/89, 12/11/89

. DATE . SUBMISSICN-ACCEPT=D _ 1/2/90, 1/12/90 ., .

st

TYPE PROXKIS(S): I, D, HE, F, N, X S

" DATA ACCESSICN NO(S). 413118-01, 413257-01

PRODUCT MER. NO. 16

PRODUCT NAME (S)) See Next Paée (TALON and HAVOC baits)

COMPANY NaM:z ICI Americas, Inc.

SUPMISSION PUEPCSz — Establish efficacy of various formulations

0.005% Btrodifacoum pelleted and wax b Lock baits

CHEMICAL & IORNMJLATION
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Eff:cacy Review: TALON RODENTICIDE MINI-PELLETS, 10182-20
TALON RODENTICIDE BAIT PACK MINI-FELLETS, 10182-21
TALON RODENTICIDE BAIT PACK (PELLETS), 10182-24
TALON-G RODENTICIDE MINI-PELLETS IN MOUSE BOX, 10182-25
TALON RCDENTICIDE PELLETS, 10182-2¢
BRODIFACOUM CONCENTRATE, 10128-28
BRODIFACOUM TECHNICAL, 10182-29
TALON-G RODENTICIDE PELLETS, 1018Z--38
TALON-G RODENTICIDE BAIT PACK (PELLETS), 10182-39
TALON-G RODENTICIDE BAIT PACK (MINI-PELLETS), 10182-40
TALON-G RODENTICIDE MINI-PELLETS, 10182-41
TALON-G RODENTICIDE PELLETS FOR URBAN RODENT CONTROL, 10182-43
TALON-G RODENTICIDE BAIT PACK (PELILETS), 10182-44
WeatherBlok BAIT, 10182-48
HAVOC RODENTICIDE BAIT PACK (MINI-P'ELLETS), 10182-60
HAVOC RODENTICIDE BAIT PACK (PELLE’S), 10182-61
HAVOC RODENTICIDE MINI-PELLETS, 10182-75
HAVOC RODENTICIDE PELLETS, 10182-76
HAVOC RODENTICIDE BAIT PACK PELLETS, 10182-93
ICI Americas, Inc.
Wilmington, DE 19897

200,0 INTRODUCTION
200.1 VUses

10182-20, 10182-26, 10182-38, 10182-41, 10182-«3, 10182-75, and 10182-76 are
0.005% Brodifacoum dry baits registered for control of Norway rats, roof rats,
and house mice in various structural sites. Specific claims vary somewhat from
oroduct to product.

10182-21, 10182-24, 10182-39, 10182-40, 10182-44 10182-60, 10182-61, and 10182-93

are 0.005% Brodifacoum dry baits in placepacks registered for control of Norway
rats, roof rats, and house mice in various structural sites. Specific claims

vary somewhat from product to product.

10182-25 is a 0.005% Brodifacoum bait in a "™QUSE BOX" bait station registered

for control of house mice "(f)or indoor use on.y" in "homes, industrial and
commercial buildings".

10182-28 is a 0.25% Brodifacoum concentrate registered "FOR REFORMULATING USE
ONLY".

10182-29 is a 90% Brodifacoum technical registered "FOR REFORMULATING USE ONLY".

10182-48 is a 0.005% Brodifacoum paraffinized bait registered for control of
Norway rats, roof rats, and house mice "in and around sewers, homes, industrial,
commercial, agricultural and public buildings" and "in and around transport
vehicles (ships, trains, aircraft) and related port or terminal buildings."





200.2 Background Informations

See previous efficacy reviews and other information in product jackets, which

were not available at the time of this review, Two separate submissions are
discussed in this review.

The submission of 11/21/89 consists of a cover letter and a large volume of
laboratory efficacy studies on reformulated vecsons of "PELLET", "MINI-PELLET",
and "WAX BLOCK" baits. These studies were reguired after ICI elected to replace
the dye Rhodamine B, an "inert of concern", with Durazol Red in all of the
company 's Brodifacoum rodenticide products. I1CI made this change to its
formulation as an alternative to providing cer:ain "risk" data on Rhodamine B.
EPA accepted the formulation change conditionally, but required that the efficacy
of the new formulations be substantiated with appropriate laboratory tests.

An earlier attempt to fulfill these data requirements was rejected after the
Agency discovered that ICI had used protocols which differed from those developed
by EPA in several ways which might have influenced the results of the studies.
These changes were discussed in the efficacy review of 2/28/89. The most
important of these changes was the use of 1l0-aiimal test groups rather than the
20-animal groups required. (EPA also recommends that studies with 20-animal
groups be replicated at least once.) Other major problems mentioned included
the use of a "reference" group rather than a true control group, the returning
of animals to laboratory chow (rather than keeosing them on EPA Challenge Diet)
after bait-exposure periods had ended, and the use of cages that were smaller
than the minumim size specified by EPA. EPA also noted several other departures
from EPA's protocols, one of which was the use of an automated system to provide
water to the rodents. EPA's protocols (e.g., 2rotocol 1.203) specifically
discourage use of such systems.

In circulating the submission of 11/21/89 for review, the PM Team asked me

to determine whether the efficacy data submitt2d would apply to all of ICI's
3rodifacoum products. Registration numbers ar: not provided in ICI's reports.
ICI's Brodifacoum products include technical, concentrate, paraffinized block,
3/1le"-diameter pellets, and 3/32"-diameter pellets. I understand that the
technical product appears in all of the others and that the concentrate appears
in all of the baits. Prior to the formulation change, Rhodamine B had appeared
in all products but the technical (for which naw efficacy data were not needed).
I believe that ICI still uses two distinct formulations in this "PELLETS" and
"MINI-PELLETS". These formulations differ only by the presence of a green dye
in Talon G and Havoc products and its absence in the others. As prior studies
showed that this dye does not affect bait acceostance significantly, it is not
critical that studies be submitted for green and pink pelleted formulations.

The submission of 12/11/89 consists of more laboratory efficacy studies for baits
claimed to be similar to the "PELLET", "MINI-PILLET", and wax block formulations
except for the addition of "Bitrex" (Denatonium Benzoate) at a concentration of
10 ppm. For more than half a year, ICI has be2n attempting to pursuade EPA

=0 authorize alternate formulations for ICI's 3rodifacoum baits. One set of
formulations would be identical to those curreatly used. The other set would
include the chemical "Bitrex" as a "safener". Bitrex is a substance with an
intensely bitter taste which, according to humans who described their experiences
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to me, persists long after initial exposure. IPA has not permitted alternate
Formulations for rodenticide baits. This issue is discussed at length in

the efficacy review of 12/7/89. (Although perhaps making certain registrants
temporarily happy, the granting of alternate formulations is a policy that
»ffers nothing but future problems for EPA.)

The "alternate formulations" issue aside, however, the efficacy data for the
3itrex-laced baits are discussed below. ICI might want substitute formulations
Lhat include Bitrex in some of its currently-registered baits. ICI also might
@¢lect to pursue separate registrations for certain Bitrex-laced baits.

201.0 DATA SUMMARY

The new efficacy data said to have been generated for the formulations with
Durazol Red (but no Bitrex) added are summarized in Tables 1 and 2. 1In all
studies, the bait Acceptance criterion of 33% was exceeded, often by a wide
margin. In each of these studies, all 20 test-group animals died (100%
Mortality). EPA's criterion is 90% Mortality :n these studies.

ICI's test methods in these studies were not identical to those prescribed by
ZPA. Due to logistical difficulties associated with an impending move of ICI's
research facility from Goldsboro, NC, to Richmond, CA, ICI could not get larger
cages for these studies. 1In view of these complications, I told Dale Kaukeinen
of ICI, in a telephone conversation of 4/25/89, that it would be preferable

for the company to do the studies as soon as possible with whatever cages were
available. ICI has promised to obtain larger cages and to run some "validation
studies" to verify that cage size does not have a marked influence on results in
trials with laboratory rats and mice (ICI's letter of 11/21/89).

ICI ran some trials in which water was provided by use of water bottles attached
o the fronts of the subjects' cages. 1In other trials, the Edstrom automated
water distribution systems used in earlier trials were used again (see Tables 1
and 2). ICI has offered some data comparing bait acceptance data between other-
wise similar trials in which different methods of providing water were employed.
Por the Durazol Red (only) trials, group mean acceptance was somewhat higher for
t.he "water bottles" group in 4 of 5 species/formulation trials where both systems
were used. ICI analyzed the data (T-tests) within sexes. The only significant
dif ference reported (p<0.05) showed lower acceptance by male mice in the
istromMINI-PELLET group than by male mice in the Bottles/MINI-PELLET group.

FORMULATION NORWAY RAT HOUSE MOUSE
Bottles Eclstrom Bottles Edstrom
PELLETS mean acceptance 66% 71% 62% 54%
8.0 14 13 15 16
MINI-PELLETS mean acc. 64% 51% 79% 66%
S.D. 20 20 15 18
WEATHERBLOK mean acceptance no 45% 45% 40%

S.D. test 24 21 16





Table 1. Fat laboratory efficacy data for ICI s Brodifacoum baits with
new dye added (submission of 11/21/89).

TEST # SUBJ. # SEX BAIT EPA DIET ACCEPTANCE MORTALITY
EATEN EATEN

TALON PELLETS

2504/B 1 F 39.1 B2 i 54.8% 1

Bottles 2 F 42.5 14.6 74.4% 1

3 F 60.7 128 82.6% 1

4 F 53.5 2745 66.0% 1

5 F 54.6 18.9 74.3% 1

6 F 45.1 25.4 64.0% 1

7 F 21.6 42.0 34.0% 1

8 F 49.0 17.3 73.9% 1

9 F 65.5 18.9 77.6% 1

10 F 62.7 16.6 79.1% 1

Females 1@ F 494.3 226.2 68.6% 100.0%
Mean 68.1%

TEST # SUBJ. # SEX BAIT EPA DIET ACCEPTANCE MORTALITY

EATEN EATEN

2504 /B 11 M 44.8 325 57.7% 1

Bottles 12 M 56.1 15.0 78.9% 1

13 M 66.6 L7s3 79.4% 1

14 M 46.9 18.6 71.6% 1

15 M 61.8 20.2 75.4% 1

16 M 39.6 33.2 54.4% 1

17 M 57.4 22:1 F:20:2% 1.

18 M 27.7 47.3 36.9% 1

19 M B2l 29.2 64.3% 1

20 M 31.6 32.4 49.4% 1

Males 19 M 485.2 268.2 64.4% 100.0%
Mean 64.0%

Both 29 B 979.5 494.4 66.5% 100.0%

Mean 66.0%
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TEST #

(Continued)
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Table 1. (Continued)

TEST # SUBJ. # SEX BAIT EPA DIET ACCEPTANCE MORTALITY
EATEN EATEN

TALON MINI PELLETS

2470/B 1 F 39.8 39.2 56.9% 1

Edstrom 2 F 43.5 36.6 54.3% 1

3 F 37.4 27.3 57.8% 1

4 F 44.1 15.0 74.6% 1

5 F 33.0 25.4 56.5% 1

6 F 62.8 22..1 74.0% 1

7 F 31.8 31.3 50.4% 1

8 F 46.2 20.7 69.1% 1

9 F 29.6 38.8 43.3% 1

10 F 22.3 31.9 41.1% 1

Females 10 F 390.5 279.3 58.3% 100.0%
Mean 57.8%

TEST # SUBJ. # SEX BAIT EPA DIET ACCEPTANCE MORTALITY

EATEN EATEN

2470/B 11 M 14.7 56.1 20.8% 1

Edstron 12 M 14.3 652 18.0% 1

13 M 29.1 11.8 71 w1% 1

14 M 33.5 44.3 43.1% 1

L5 M 8.6 63.0 12.0% i

16 M 34.0 25.6 57.0% 1

17 M 28.9 55.4 34.3% 1

18 M 26.6 50.8 34.4% 1

19 M 54.9 15.6 77.9% 1

20 M 571 20.9 73.2% 1

Males 10 M 391.7 408.7 42.5% 100.0%
Mean 44.2%

Both 20 B 692.2 688.0 50.2% 100.0%

Mean 51.0%





Table 1. (Continued)

TEST # SUBJ. # SEX BAIT EPA DIET ACCEPTANCE MORTALITY
EATEN EATEN

TALON MINI PELLETS

251¢ /B 1 F 46.3 2€.5 69.3% 1

Bottles 2 F 53 .5 15.3 77.8% 1

3 F 47.5 21.5 68.8% 1

4 F 52.0 5.8 90.0% 1

5 F 52.6 le.1l 76.6% 1

6 F 34.4 53.4 39.2% il

7 F 30.4 34.5 46.8% 1

8 F 49.3 13.7 78.3% 1

9 F 43.9 275 61.5% 1

10 F 63.8 15.8 80.2% 1

Femez les 1@ F 473.7 224.1 67.9% 100.0%
Mezn 68.8%

TEST # SUBJ. # SEX BAIT EPA DIET ACCEPTANCE MORTALITY

EATEN EATEN

251¢/B 1d M 25.9 42.8 37.2% 1

Bottles 12 M 58.8 12.7 82.2% 1

13 M 61.9 l6.9 78.6% 2

14 M 24.5 54.6 31.0% 1

15 M 46.4 33.1 58.4% 1

16 M 41.3 32.7 55.8% 1

1.7 M 38.4 20.6 65.1% 1

18 M 37.5 38.4 49.4% 1

19 M 62.0 1L 98. 3% 1

20 M 21.0 - 52.0 28.8% 1

Males 10 M 417.7 305.9 57.7% 100.0%
Mean 58.5%

Both 29 B 891.4 530.0 62.7% 100.0%

Mean 63.6%
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(Continued)
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Table Zz. Mouse laboratory efficacy data for ICI s Brodifacoum baits with
new dye added (submission of 11/21/89).

TEST' 4 SUBJ. # SEX BAIT EPA DIET ACCEPTANCE MORTALITY
EATEN EATEN

TALON EFELLETS

2527 /B 1 F 17,6 1a.4 58.7% 1

Bottles 2 F 19.5 2.9 87.1% 1

3 F 16.5 9.7 63.0% 1

4 F 124 6 1¢.9 53.6% b

5 F 17.5 le. 4 51.6% T

6 F 15.9 £.6 64.9% il

7 F 19.0 134 58.6% il

8 F 11, 1 c.g 55.2% 1

9 F 15.1 15.6 49.2% 1

10 F 14.8 14.2 51.0% 1

Femeles 10 F 159.6 113.1 58.5% 100.0%
Meen 59.3%

TEST # SUBJ. # SEX BAIT EPA DIET ACCEPTANCE MORTALITY

EATEN EATEN

2522/B 1:3: M 16.4 8.4 66.1% 1

Bottles 12 M 1648 5.0 77..1% 1

13 M 13.4 7.5 64.1% 1

14 M 14.0 12.1 53.6% 1

15 M 24.5 2.5 99.7% 1

16 M 9.4 8.4 52.8% 1

17 M 1.3%9 8.1 63.2% 1

18 M 13.5 4.4 90.6% 1

19 M 1.3.3 9.1 59.4% 1

20 M 6.9 13.3 34.2% 1

Males 10 M 142.1 75.8 65.2% 100.0%
Mean 65+2%

Both 20 B 301.7 188.9 61.5% 100.0%

Mean 62.2%
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Table 2. (Continued)

TEST #% SUBJ. # SEX BAIT EPA DIET ACCEPTANCE MORTALITY
EATEN EATLEN

TALON MINI PELLETS

2513,/B 1 F 13.4 2.9 93.7% 1

Bottles 2 F 1.4 L 67.1% i}

3 F 11.49 Tel 60.8% 1

4 F 9.6 947 49.7% 1

5 F 18.7 4.8 79.6% 1

6 F 8.8 5.8 60.3% 1

7 F 16.8 4.6 78.5% I

8 F 15.4 545 T3:7% 1

9 F 12.0 8.7 58.0% 1

10 F 14.5 6.3 69.7% 1

Fema' es 109 F 130@.6 58 a5 69.1% 100.0%
Mean 69.1%

TEST # SUBJ. # SEX BAIT EPA DIET ACCEPTANCE MORTALITY

EATEN EATEN

2513 /B 11 M 14.9 0.0 100.0% 1

Bottles 12 M 19.5 141 94.7% 1

13 M 13.5 1.4 90.6% 1

14 M 20.4 3.0 87.2% 1

15 M 16.3 1.0 94.2% 1

16 M 14.7 1.2 92.5% 1

17 M 17.6 @.5 97.2% 1

18 M 15.1 1.7 89.9% 1

19 M 12.6 6.4 66.3% 1

20 M 11.4 345 76.5% 1

Males 10 M 156.0 19.8 88.7% 100.0%
Mearn 88.9%

Both 20 B 286.6 78.3 78.5% 100. 0%

Mean 79.0%
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Table 2. (Continued)

TEST # SUBJ. # SEX BAIT EPA DIET ACCEPTANCE MORTALITY
EATEN EATZEN

TALON WEATHERBLOK

2546 /B 1 F 9.3 1.1 89.4% Ji

Bottles 2 F 5.0 6.9 42.0% i)

3 F 75 2 3.8 65.5% 1

4 F 3:3 6.7 33.0% 1

5 F g.7 1218 5.2% 1

6 F 3.4 6.1 35.8% 1

7 F 3.0 667 30.9% il

8 F 5.0 Tuh 40.0% i

9 F 53 563 50.0% 1

10 F 3= 3 1¢.4 24.1% 1!

Fema les 10 F 45.5 6743 49 .3% 100.0%
Mean 41.6%

TEST # SUBJ. # SEX BAIT EPA DIZT ACCEPTANCE MORTALITY

EATEN EAT SN

2546/B 11 M 4.1 6.7 38.0% 1

Bottles 12 M T 6.0 54.9% 1

1.3 M 1.4 9.0 13.5% 1

14 M .6 4.7 54.4% 1

15 M 75 5.0 60.0% 1

16 M 6.2 .6 41.9% 1

G 7 M 3.6 g.1 30.8% 1

18 M 11.1 1.8 86.0% 1

19 M 7.2 €.3 53.3% 1

20 M 7.6 6.2 55.1% 1

Males 10 M 61.6 62 .4 49.7% 1006.0%
Mean 48.8%

Both 20 B 197.1 12937 45.2% 100.0%

Mean 45.2%
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The significant difference in acceptance between tests using different watering
techniques for male mice for MINI-PELLETS might have been due to a factor other
than the watering systems. Mean acceptance by male mice was nearly 89% in the
water-bottles/MINI-PELLET trial (2513/B). This figure is so high that it would
be hard to attribute it to a watering system (but see discussion of results
with Bitrex-laced baits). Although bait acceptance by female mice in this test
(about 69%) was much lower than that by males, acceptance by females was still
relatively high.

ICI's proposed new test method (reference 17H in the submission of 11/21/89)
states that Edstrom self-waterers or bottles shculd be permitted for the
company's future trials with rats but that only bottles should be used for mice.

In response to EPA's comments that automated watering systems might promote
spread of disease within a rodent colony, ICI's submission of 11/21/89 includes
a letter from the Edstrom company and copies of two relevant papers. In
discussing the issue, Edstrom's letter acknowledges that the "potential for
cross-contamination" via self-watering system is "reality" but argues that a
well-constructed and daily-flushed self-watering system can be equal to or
superior to bottle systems (as actually employed) in reducing the potential for
spread of disease. The letter from Edstrom indicates that, while ICI's systems
lack the "reverse 'S' manifold configuration" believed to be optimal, ICI does
have a portable sanitizer that permits sanitizing of the system

" . . . between study groups, or if the integrity of the delivery
system has been breached."

Ir one of these papers (Malatesta and Schwartz, Lab. Animal Sci., 35:1 [1985],
85-91.), two types of watering systems were compared for efficiency in flushing
ccntaminants away. The "upfeed serpentine automatic watering used" was much
more efficiently flushed than was the "horizontal manifold" system studied.
Five minutes of flushing rendered the serpentine system virtually free of an
irtentionally introduced contaminant (sodium fluorescein solution), while the
same flushing period did not clean the horizontal system nearly as well.

The other paper, a typed report by Terry Magoc of Searle & Co., compared results
of various system-flushing regimens in reducing oacterial colony counts in
semples from rodent watering systems. Although weekly flushing of a system for
15 minutes reduced counts from > 15,000 units/ml to < 500 units/ml, levels were
again high one day after flushing. Magoc concluded that daily flushing of the
system for a period of 3 minutes is a better precedure for keeping counts low.

EFA's protocols discourage use of automated watering systems but do not prohibit
them. Any watering system is only going to be as good as the people who use and
meintain it. Extensive cross-contamination is likely to be betrayed by deaths
in control groups and/or deaths in test groups taat appear to have been due to
ceuses other than ingestion of the toxicant. 1In ICI's tests, no deaths were
reported for control groups, but automated watersrs were used for only one
ccntrol group. There was one questionable death in one of the Bitrex groups.

Although ICI claims to have used "concurrent con:rol groups" for these trials,
such was not always the case. ICI's letter of 11/21/89 links control groups to
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groups to various test groups even though, in some cases, the studies were
initiated in different months. TIf one looks tarough ICI's submission of 11/21/89
and assigns control groups to test groups for rats and mice according to use of
similar watering systems and attempts to make study start dates as close to
concurrent as possible, one obtains the following results:

RATS

TEST CONDITIONS BAIT TEST NOS. CONTROL TEST NOS.

PELLETS, Bottles

PELLETS, Edstrom

MINI-PELLETS, Bottles

MINI-PELLETS, Edstrom

WEATHERBLOK, Edstrom

TEST QONDITIONS

Start Date

2504/B
5/3/89

2567/B
6/21/89

2510/B
5/3/89

2470/B
1/11/89

2512/B
5/31/89

MICE

BAIT TEST NOS.

Start Date

2527/B
5/31/89

2527/B
5/31/89

CONTROL TEST NOS.

Start Date Start Date

PELLETS, Bottles 2522/B 2514/B
5/13/89 5/13/89

PELLETS, Edstrom 2566/B -
6/21/89

MINI-PELLETS, Bottles 2513/B 2514/B
5/13/89 5/13/89

MINI-PELLETS, Edstrom 2459/B A
7/12/89

WEATHERBLOK, Bottles 2546/B 2551/B
7/5/89 7/5/89

WEATHERBLOK, Edstrom 2568/B -
7/12/89

ICI did run concurrent control groups for the mouse groups for which water was
supplied in bottles. Control groups for the rat "bottle" test groups were

"time-shifted" four weeks. ICI has reported only one control group that was





17

vatered by an Edstrom unit. That was a rat trial (0121/B), one of two trials

in the Bitrex series that was run at ICI's new facility in Richmond, CA. All
cther trials were run in Goldsboro, NC. Sprague-Dawley rats were used in the
Richmond trials. Although not identifying the albino strain of Norway rats used
in Goldsboro, ICI implies that it was different from that used in Richmond.

I do not intend to make a big issue of the lack of concurrent timing of control
groups with test groups. The problem will be mentioned under "CONCLUSIONS".

The results of the trials with Bitrex-laced baits are summarized in Table 3
(rats) and Table 4 (mice). Edstrom watering systems and water bottles were used
in these trials, generally with one 20-animal test per formulation and species
using each type of waterer. As with the trials discussed above, mean Acceptance
for both sexes compbined was greater 33% in all bait trials. Mortality was 90%
or better in all trials. Although overall acceptance and mortality scores met or
exceeded EPA's performance criteria, there were some indications that the Bitrex-
laced baits were not quite as effective as the same formulations without Bitrex.

Fesults are compared in Table 5 for rats and in Table 6 for mice.

with rats, acceptance tended to be lower for baits laced with 10 ppm Bitrex than
for otherwise comparable pelleted baits lacking the "safener" (Table 5). Rats'

hecceptance scores for Bitrex—laced pelleted baits were 10.6 = 22.6 points lower

than the were the scores in the most directly comparable trials with baits which
lacked Bitrex. Overall acceptance scores for the wax block formulation did not

appear to be affected by the addition of Bitrex.

Overall acceptances of the Bitrex-laced baits bty mice were very similar to those
from the most directly comparable "non-Bitrex" trials. In no cases were the
differences between mean acceptance scores for comparable Bitrex and non-Bitrex
as high as 7 points (Table 6). Bait acceptance by male house mice again seemed
to be related to the type of waterer used. 1In pellet trials, male mice in cages
equipped with waterers accepted bait at 77.4%. Those in cages supplied with
Edstrom systems accepted bait at 39.9%. Mean ctait acceptance by male mice given
"bottles" in a Weatherblok test was 55.7%, even though one male from that group
(a survivor) did not take a measurable quantity of bait. Male mice in Edstrom-
equipped cages accepted Bitrex-laced Weatherblck at 39.3% and 31.9% in two
sleparate trials. The apparent effect of waterer on bait acceptance is puzzling.

In laboratory tests at least, Norway rats, particularly males, are more likely
to reject tainted anticoagulant baits than are house mice. This trend was borne
out in these tests in that the lowest mean acceptance scores for sex classes were
obtained with male rats. Male rats' acceptance of the Bitrex-tainted Weatherblok
bait was lower than 33%.

While claiming, in its letter of 12/11/89, that the 10 ppm concentration of
Bitrex is "effective in deterring humans", ICI also observes that

"Higher levels were not adequately accepted by target rodents in
ICIA preliminary rangefinding trials."





Table 3.

TEST i

TALON PELLETS w/ 10 ppm BITREX

2455/8
Edstrom

Females
Mean

TEST f{

2455/E
Edstrom

Males
Mean

Both
Mean

Rat laboratory efficacy data for ICI & Brodifacoum baits with
(submission of 12/11/89).

Bitrex added

SUBJ.

SUBJ.

#

=D Woo~O U WM

|

—
=

11
12
13
14
15
16
17
18
19
20

10

20

SEX

Les BEs Be e e ey ke BLe s e B

53|

SEX

EEEEEREEEER

=

BAIT
EATEN

35.2
26.40
519
50.0
3539
42.4
48.4
47.3
43.9
42.6

423.6

BAIT
EATEN

24.0
27.8
19.5
332
395
24.8
38.3
48.6
2945
38.5

323,47

747.3

EPA DIET
EATELI

27.9
20| %
272
34.7%
31.4
24.5
25.%1
22:3
33.0
25.4

272.2

EPA DIET
EATEN

54.%
37
52.
35.
Flw
53
30.
49.
46.
54.

faa T I s B TS o T S T Y

444,

1.8

716.€

ACCEPTANCE

55.8%
55.2%
65.6%
59.0%
58l %
63.4%
65.9%
68.0%
57:1%
62.6%

60.9%
60.6%

ACCEPTANCE

30.7%
42.7%
27.1%
48.4%
55.6%
31.9%
554 T8
49.8%
39.0%
41.3%

42.1%
42.2%

51.0%
51.4%

MORTALITY

e e e

100.0%

MORTALITY

N el = 1 = S Sy S

100.0%

100.0%





Table 3.

TEST #

TALON FELLETS w/ 10 ppm BITREX

2523/B
Bottles

Females
Mean

TEST #

2523/B
Bottles

Males
Mean

Both
Mean

(Continued)

SUBJ.

SUBJ.

#

=
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=
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11
12
13
14
15
16
17
18
18
20

19

20

SEX
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e}

SEX

TEEREEREERXER

=

BAIT
EATEN

16.9
199
2149
43.5
52
34.1
37.0
44 .4
352
31:9

336.9

BAIT
EATEN

50.5
66.2
23.1
3.7
44.4
28.2
1501
46.7
58.1
37.4

400.4

737 &3

EPA DIET
EATEN

34.5
46.9
3259
19..1]

8.0
25.8
20.6
2543
19.8
32.5

264.6

EPA DIET
EATEN

34.3
10.8
47.9
35.6
315
41.3
50.1
12.9
19.6
35.1

320.3

585.4

ACCEPTANCE

32.9%
29.8%
40.4%
69.5%
86.7%
57.1%
64.2%
63.7%
64.0%
49.5%

56.0%
55.8%

ACCEPTANCE

59.2%
86.0%
32.5%
46.3%
58.5%
40.3%
23.2%
78.4%
74.8%
51.1%

55.5%
55.0%

55h1%
55.4%

MORTALITY

S

90.0%

MORTALITY

el o o R ST S S ST

100.0%

95.0%





Table 7. (Continued)

TEST f{ SUBJ. # SEX BAIT EPA DIET ACCEPTANCE MORTALITY
EATEN EATED

TALON MINI PELLETS w/ 1@ ppm BITREX

2556/h 1 F 27.0 31.¢ 46.6% 1

Bottles 2 F 41.4 2|2 60.3% 1

3 F 38.2 20.5 65.1% 1

4 F 22.6 3.5 42.6% 1

5 F 50.9 18.2 73.7% 1

6 F 38.6 214 64.3% @

7 F 33 16.9 16.3% 1

8 F 27 «5 26.1 5143% 1

9 F 24.0 41.7 36.5% 1

19 F 21.0 41.¢ 33.9% 1

Females 10 F 294.5 274.% 51+ 8% 90.0%
Mean 49.1%

TEST 4 SUBJ. # SEX BAIT EPA DIET ACCEPTANCE MORTALITY

EATEN EATEL

2556/% 11 M 19.9 17 12.3% 1}

Bottles 12 M 17.2 6l.1 22.0% 1

13 M 11.5 66.0 14.8% 3

14 M 19..5 51....9 g 1

15 M 15T 45.¢ 25.7% 1

16 M 41.1 31.6 56.5% 1

17 M 65.7 32.8 66.9% 1

18 M 17.0 57:.2 22.9% 1

19 M 40.9 25.3 61.6% 1

20 M 14.4 61.¢6 18.9% 1

Males 10 M 253.9 510.1 33.2% 90.0%
Mean 32.9%

Both 24 B 548.4 784.¢ 41.1% 9@. 0%
Mean 41.0%

NOTE: Only 2 days consumption data used for male #18. Obvious error in data
reported for third day (213 g. bait plus 20.4 g challenge diet).





Table 3. (Continued)

TEST #% SUBJ. # SEX BAIT EPA DIET ACCEPTANCE MORTALITY
EATEN EATEN

TALON WEATHERBLOK w/ 10 ppm BITREX

2521/B 1 F 5¢0.1 24.1 67.5% 1
Bottles 2 F 2959 44.0 40.5% 1
3 F 18.1 40.0 31.2% 1

4 F 30.7 40.0 43.4% .

5 F 3.8 46.7 40 .5% 1

6 F 36.3 39.0 48.2% 1

7 F 3249 32411 50.6% 1

8 F 21.2 29.3 42.0% 1

9 F 35.1 32.6 51.8% 1

10 F 31.4 24.4 56.3% 1

Females 190 F 3175 352.2 47.4% 100.0%

Mean 47.2%
TEST # SUBJ. # SEX BAIT EPA DIET ACCEPTANCE MORTALITY
EATEN EATEN

2521/8B 0.1 M 26.1 46.3 36.0% 1
Bottles 12 M 2757 42.0 39 7% 1
13 M 12.1 63.0 16.1% 1

14 M 4.4 64.6 6.4% 1

15 M 15.5 66.9 18.8% 1

16 M 255%% 52.6 32.8% 1

1.7 M 1347 49.0 21.9% 1

18 M 49.1 46.7 46.2% 1

19 M 25.1 3.3 44 .5% 1

20 M 16.6 46.5 26.3% 1

Males 10 M 207.0 5¢08.9 28.9% 100.0%

Mean 28.9%

Both 20 B 524.5 861.1 37.9% 100.0%

Mean 38.0%





Table 3. (Continued)

TIEST # SUBJ. # SEX BAIT EPA DIET ACCEPTANCE MORTALITY
EATEN EATEN

TALLON WEATHERBLOK w/ 10 ppm BITREX

253¢/B i F 18.8@ 34.1 34.5% 1

Ecdstrom 2 F 3@.5 39.0 43.9% 1

3 F 39.9 28.6 58.2% 1

4 F 20.2 33.0 38.0% i5

5 F 33.1 36.4 47.6% 1

6 F 41.6 31:5 56.9% 1

7 F 45.6 3347 57.5% 1

8 F 23.3 41.9 35.7% 1

9 F 14.9 46.5 24.3% 1

10 F 29.0 39.1 42.6% ol

Females 10 F 296.1 363..8 44.9% 100.0%
Mean 43.9%

TEST # SUBJ. # SEX BAIT EPA DIET ACCEPTANCE MORTALITY

EATEN EATEN

2536/B 13 M 24.5 55..2 30.7% 1

Edstirom 12 M 43.9 28.9 60.3% 1

13 M 43.6 32.6 57:2% 1

14 M 17.5 27.8 38.6% 1

15 M 17.8 47.6 27.2% 1

16 M 25.58 37.0 40.8% 1

17 M 35.0 42.0 45.5% 1

18 M 3L.2 40.7 43.4% 1

19 M 16.3 3563 31.6% 1

29 M 32.0 39.9 44.5% I

Males 10 M 287.3 387.0 42.6% 100. 0%
Mean 42.0%

Both 20 B 583.4 750.8 43.7% 100.0%

Mean 43.0%





Table 3.

TEST #

(Continued)

SUBJ.

#

SEX

BAIT
EATEN

TALON WEATHERBLOK w/ 10 ppm BITREX

@121/B
Edstrom

Females
Mean

TEST #

@121/B
Edstrom

Males
Mean

Both
Mean
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31.9
29.5
38.8
26.5
15.6
34.0
36.0
25.5
22.2
35.0

295.0

BAIT
EATEN

15.8
37.5
76.7
55.8
4.4
8.8
70.1
56.5
71.4
124 @

403.90

698.0

EPA DIET
EATEN

45.4
41.2
41.9
36.7
55.9
32.8
245
46.3
49.9
25.1

391.2

EPA DIET
EATEN

63.9
37.4
20.8
40.2
5245
71.9
12.3
37.1
35.0
60.6

431.7

822.9

ACCEPTANCE

41.3%
41.7%
48.1%
41.9%
21.8%
50.9%
59.5%
35.3%
35.2%
58.2%

43.0%
43.4%

ACCEPTANCE

19.8%
50.1%
77.3%
58.1%

7.7%
10.9%
85.1%
60.4%
67.1%
16.5%

48.3%
45.3%

45.9%
44.3%

MORTALITY

el e el

100.0%

MORTALITY

HHEHRP S

90.0%

95.0%





Table 4. Mouse laboratory efficacy data for ICI s Brodifacoum baits with
Bitrex added (submission of 12/11/89)

TEST # SUBJ. # SEX BAIT EPA DILT ACCEPTANCE MORTALITY
EATEN EATIIN

TALON PELLETS w/ 10 ppm BITREX

2457,B 1 F 9.3 3.0 75.6% 1

Edstion 2 F 2inh 7.4 26.0% 1

3 F 1.3 2.4 81.1% 1

4 F 19.3 135 87.3% 1

5 F 9.0 4.3 67.7% 1

6 F 9.0 3.0 75.0% 1

7 F 8.3 5.0 62.4% 1

8 F 6.6 225 T2.5% 1

9 F 8.4 339 68.3% 1

19 F 8.6 37 69.9% 1

Females 10 F 82.4 36.7 69.2% 100.0%
Mearmn 68.6%

TEST # SUBJ. # SEX BAIT EPA DIET ACCEPTANCE MORTALITY

EATEN EATEN

2457,/B 11 M 7.8 843 48.4% i 5

Edstrom 12 M 5.3 10.8 32.9% 1

13 M 7.6 8.9 46.1% ¥

14 M 4.0 9.2 30.3% 1

15 M 6.5 6.7 49.2% 1

16 M Fuh 11.09 24.1% 1

17 M 52 8.8 37.1% 1

18 M 8.4 8.0 51.2% 1

19 M 8.3 8.4 49.7% 1

20 M 4.4 19.4 29.7% 1

Males 19 M 61.0 90.5 40.3% 100.0%
Mear 39.9%

Both 20 B 143.4 L2742 53.0% 100.0%

Mear 54.2%





Table 4. (Continued)

TEST 4 SUBJ. # SEX BAIT EPA DIET ACCEPTANCE MORTALITY
EATEN EATEN

TALON PELLETS w/ 10 ppm BITREX

2519/3 1 F 1.2 28 79.7% 1

Bottles 2 F 121 6.3 64.0% i

3 F 4.7 1.8 39.2% 1

4 F 9.9 7-B 55.9% 1

5 F 1= 5 3.8 75.2% 1

6 F 9.5 6.2 60.5% 1

7. F 6.6 Tl 48.2% 1

8 F 8.2 5.9 58.2% 1

9 F 10.0 4.3 69.9% 1

10 F 9.@ T 55.9% 1

Females 10 F 91.7 58.9 60.9% 100.0%
Mean 60.7%

TEST # SUBJ. # SEX BAIT EPA DIE'"? ACCEPTANCE MORTALITY

EATEN EATEN

2519/8 Tid: M 1¢.8 4.1 72.5% 1

Bottles 12 M 9.0 8.8 50.6% J:

13 M 8.6 4. .. 67.7% 1

14 M 1.1...3 2.3 82.8% i

15 M 12.4 .5 96.1% 1

16 M 116 1.2 90.6% 1

17 M 9.8 3.6 73l 1

18 M 12:2 g.3 97.6% 1

19 M 9.4 1.3 87.9% 1

20 M 6.8 Bl T 54.4% 1

Males 10 M I 31.9 76.1% 100.0%
Mean T w35

Both 20 B 193.4 90.¢ 68.1% 100.0%

Mean 69.0%





Table 4.

TEST #

(Continued)

SUBJ.

#

SEX

BAIT
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TALON MINI PELLETS w/ 10 ppm BITREX

2560/B
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71.0%
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ACCEPTANCE

96.6%
90.0%
93.9%
91.5%
70.6%
51.7%
95.0%
96.8%
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76.7%
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MORTALITY
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Table 4. (Continued)

TEST # SUBJ. # SEX BAIT EPA DIET ACCEPTANCE MORTALITY
EATEN EATEN

TALON WEATHERBLOK w/ 10 ppm BITREX

2537/B 1 F 2.9 6.3 31.5% 1

Edstrom 2 F 4.7 5.8 44.,8% 1

3 F 5.7 4.7 54.8% 1

4 F 2.2 7.9 21.8% 1

5 F 9.3 21 81.6% 1

6 F 2.8 8.2 25.5% 1

7 F 35 5] 40.7% 1

8 F 4.3 8.2 34.4% |

9 F 4.1 7.6 35.0% 1

10 F 4.5 Biat 44.1% 1

Females 10 F 44.0 61.6 41.7% 100.0%
Mean 41.4%

TEST # SUBJ. # SEX BAIT EPA DIET ACCEPTANCE MORTALITY

EATEN EATEN

2537/B 11 M 4.2 7.7 35.3% 1

Edstrom 12 M 19.8 5.9 64.7% il

13 M 6.5 8.2 44.2% 1

14 M 4.4 9.5 31.7% 1

15 M 4.7 7.4 38.8% 1

16 M 4.2 743 36.5% 1

17 M 5.9 7.0 45.7% 1

18 M 2.3 9.5 19.5% 1

19 M 6.1 8.9 40.7% 1

20 M 4.5 g2 35.4% 1

Males 10 M 53.6 79.6 40.2% 100.0%
Mean 39.3%

Both 20 B 97.6 141.2 40.9% 100.0%

Mean 40.3%





Table 4, (Continued)

TEST # SUBJ. # SEX BAIT EPA DIET ACCEPTANCE MORTALITY
EATEN EATEN

TALON WEATHERBLOK w/ 10 ppm BITREX

2446/B 1 F 5:8 6.8 46.0% 1

Edstrom 2 F 4.0 7.5 34.8% 1

3 F 3.3 6.1 35.:1% 1

4 F 8.1 4.7 63.3% 1

5 F 5.4 5.0 51.9% 1:

6 F 7.2 Tw3 49.7% 1

7 F 4.9 8.0 38.0% 1

8 F 4.4 6.0 42.3% 1

9 F 2:5 10.1 19.8% 1

10 F 6.4 5.1 55.7% 1

Females 10 F 52.0 66.6 43.8% 100.0%
Mean 43.7%

TEST # SUBJ. # SEX BAIT EPA DIET ACCEPTANCE MORTALITY

EATEN EATEN

2446/B 11 M 3.5 1.8 24.5% 1

Edstronmn 12 M g.8 9.3 7.9% I

13 M 9.4 9.4 50.0% 1

14 M 3o 14.7 18.8% 1

15 M 8.2 6.6 55.4% 1

16 M 5.5 8.2 40.1% 1

17 M 5.4 11. 3 32..3% 1

18 M 6.1 16.1 g 1

19 M L | 13.9 1:7:3% 1;

20 M B ik 9 3 35.4% 1

Males 10 M 5¢0.3 103.6 32.7% 100.0%
Mean 31.9%

Both 20 B 192.3 17@.2 37.5% 100.0%

Mean 37.8%





Table 4. (Continued)

TEST # SUBJ. # SEX BAIT EPA DIET ACCEPTANCE MORTALITY
EATEN EATEN

TALON WEATHERBLOK w/ 10 ppm BITREX

2538/3 1 F 5.8 @.9 86.6% 1

Bottles 2 F 2.8 19.5 21.1% 1

3 F @.3 11.9 2458 @

4 F o 7.8 55.4% 1

5 F 3l 5:6 35.6% 1

6 F g.9 7l @.0% 1

7 F 12.1 5.4 69.1% 1

8 F 11.4 7.0 62.0% 1

9 F 13.8 5.8 65.1% 1

10 F 1¢.5 7.5 58.3% 1

Females 10 F 66.5 69.5 48.9% 90.0%
Mean 45.6%

TEST ¢ SUBJ. # SEX BAIT EPA DIET ACCEPTANCE MORTALITY

EATEN EATEN

2538/3 11 M 14.5 .3 94.8% 1

Bottles 12 M 7.9 5.0 58.1% 1

13 M 3.8 10.5 26.4% 1

14 M g.0 12.8 0.0% @

15 M 7.9 1¢.3 43.4% 1

16 M 9.7 8.1 54.5% 1

17 M 5.0 7.7 39.4% 1

18 M 15,3 1.0 93.9% 1

19 M 9.2 Fal 56.4% 1

20 M 15.4 1.7 90.1% 1

Males 10 M g8.7 65.8 57.4% 90.0%
Mean 55.7%

Both 20 B 155.2 13548 53.4% 90.0%
Mean 50.6%

NOTE: Female #6 was reported to have died 7 days after initial bait
exposure. This animal was reported note to have taken a
measurable amount of bait.
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There were some suggestions in ICI's data that certain animals responded
regatively to some of the baits. In Tables 1-4, it can be seen that very low
acceptance scores were obtained for certain subjects. Although bait acceptances
by individuals ranged from 0% to nearly 100%, there were very few animals that
could be classed as "marginal feeders". The appearance of animals with low
acceptance scores seemed to be more a function of bait type than of the presence
or absence of Bitrex. Tables 7 and 8 show that individuals with acceptance
sicores below 20% were more common with rats and mice in the trials with
paraffinized bait blocks. The proportions of animals accepting blocks at less
than 20% did not seem to be affected by the the addition of Bitrex to the block
formulation. However, in the "bottles" mouse trial with Bitrex-laced blocks
(2538/B), there were two animals that did not take a measurable amount of bait
(one died anyway) and a third that accepted bait at 2.5%.

211l rats and mice used in trials with 3/16"-dianeter PELLET baits accepted the

bait at 20% or higher, regardless of whether Bitrex was added to the bait. Most
of these animals' acceptances were well above the 20% level.

No mice accepted the 3/32"-diameter MINI-PELLEIS at less than 20%. Twenty
percent of rats accepted Bitrex—laced MINI-PELLETS at less than 20%. While only
t% of rats accepted bait at less than 20%, this difference was not significant.
(Fisher's Exact Probability Test, p = 0.075).

Elthough 90% or more of the subjects died in each of the test groups fed Bitrex-
laced baits, there were survivors in some tests. There were no survivors in

the trials in which rats or mice were exposed to baits that lacked Bitrex. The
cdifferences in mortality pooled across all tests within a species for the Bitrex
and non-Bitrex baits were not significant (Fisher's Exact Probability Test,

p = 0.086 for rats, p = 0.249 for mice).

2lthough the Bitrex baits "passed" EPA's criteria and did not produce statis-
tically significant increases in numbers of marginal feeders or survivors,
reviewing the data has left me with the impression that the Bitrex-laced
formulations were not quite as "good" as the baits which lacked the "safener".
The drops in overall acceptance by rats for the pelleted formulation (although
the 33% criterion still was exceeded), the appearance of occasional instances
where acceptance by a sex class was at or below 33%, and the appearance of
survivors in the Bitrex tests suggest that baits laced with the "safener" might
rot perform quite as reliably as those without Bitrex.

In earlier submissions, ICI intimated that the addition of Bitrex to baits might
make them safer. The assumption seems to be that humans and some other nontarget
species, perhaps, would stop eating Bitrex-laced baits sooner than they would
baits which lack the "safener". I have not seen any research evidence submitted
by ICI which compels such a conclusion. The company would not have to submit
such evidence, however, unless it chose to claim that its baits are safe to use
anywhere (without protective bait stations) because Bitrex will protect the
rontarget species, or unless ICI elected to expand the use pattern to include
(sensitive) sites or application methods (e.g., broadcast baiting) not permitted
by current labeling. It should not be presumed blindly, without adequate
testing, that adding Bitrex to baits would automatically reduce bait take by





Table 7. Numbers of rats with acceptance scores belcw or not below 20% in efficacy
trials of ICI's Brodifacoum bait formulations with and without Bitrex added.
Data are summed across types of waterers used.

BAIT TYPE BITREX PRESENT ACCEPTANCE SCORE LEVEL ANIMALS NUMBER OF
<20% > 20% TESTED SURVIVORS
PELLETS YES 0 40 40 1
NO 0 40 40 0
MINI-PELLETS YES 4 16 20 2
NO 2 38 40 0
W2X BLOCK YES 7 53 60 1
NO 3 17 20 0

Table &#. Numbers of mice with acceptance scores belcw or not below 20% in efficacy
trials of ICI's Brodifacoum bait formulations with and without Bitrex added.
Data are summed across types of waterers used.

BAIT TYPE BITREX PRESENT ACCEPTANCE SCORE LEVEL ANTMALS NUMBER OF
<20% > 20% TESTED SURVIVCRS
PELLETS YES 0 40 40 0
NO 0 40 40 0
MINI--PELLETS YES 0 20 20 0
NO 0 40 40 0
W2X ELOCK YES 8 52 60 2
NO 4 36 40 0
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nontarget species and, therefore, that bait prctection would not be needed if
Bitrex-laced baits were used. It is noteworthy that very young infants are not
deterred by bitter tastes and that dogs, the ncntarget species named in most
reported animal incidents involving rodenticides, tend to bolt their food. These
crganisms might not be protected by a bitter testant. It also must be remembered
that Brodifacoum is very toxic and very persistent in animal tissues. (It is
possible, for example, that the mouse that diec without consuming a measurable
amount actually was poisoned by the bait.)

hccording to ICI's letter of 12/11/89, adding Ritrex to its rodenticides at
levels above 10 ppm affected bait consumption ky target species to the point of
raking it unlikely that the product could "pass" the efficacy criteria. It seems
reasonable that there will be levels of Bitrex tainting below which nontarget
species will consume the bait relatively readily. The goal of using Bitrex as

& "safener" should be to deter nontarget species from eating the bait after the
first taste. The simultaneous goals of making a product that will be as close

as possible to 100% effective in killing commersal rats and mice and as close as
possible to 100% effective in deterring bait ccnsumption by nontarget species

ray be hard to achieve in the same formulation.

Given that EPA has told ICI that it will not accept alternate formulations for
rodenticides and that ICI's baits containing Bitrex at 10 ppm may be slightly
less effective than the comparable formulations without Bitrex, ICI might wish
t.o consider separate registrations for Bitrex-treated products and label them for
use only in sites where exposure to children and nontarget animals might occur
(e.g., "in and around homes, public buildings, and agricultural buildings").

With such products, ICI might be able to direct its Bitrex-laced baits to the
rarkets where the alleged safety factor might co the most good without compro-

mising effective rodent control in sites where nontarget risks are thought to be
nminimal.

The baits used in ICI's tests were assayed for Brodifacoum content. The levels
reported ranged from 0.00462% to 0.0061%. When "rounded", these figures are
within the limits certified by the baits.

ICI's lab practices in Goldsboro might have been expected to have deteriorated
in 1989 as some of the personnel involved in the trials were not to be included
in the move of the function to Richmond. There were some instances in which

the combined consumptions of bait and challenge diet reported were higher than
cne might have expected for rats or mice in a single day. The total take of
challenge diet by control group animals seemed to be far less variable than the
total take of bait and challenge diet during the three-day exposure periods in
test groups. The facts that the test groups were presented with a choice of
foods and that one of these foods was a toxicart might have been responsible for
the apparent increase in variability of total caily intake. These factors also
rmight have contributed to the level of spillage reported. Although EPA's and
ICI's protocols require recovery and weighing of spilled bait and challenge diet,
lLaboratory personnel might not always follow such practices. In a rat test
(2556/B, MINI-PELLETS w/ 10 ppm Bitrex), one subject (male #18) was reported to
have eaten 213 g of bait plus 20.4 grams of chzllenge diet. The animal was dead
the next day, "weighing" 231 g at death. I suspect that anticoagulant poisoning,
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rather than extreme gluttony, was the cause of Jeath. The consumption figures
reported for this animal were almost certainly incorrect. Either the tare and
the difference were transposed in the computer (unlikely) or the animal spilled
the bait dish, which then was weighed in an emp:y (or nearly empty) condition.
In summarizing the data for that animal (Table 3), I excluded consumption data
for the day of the apparent mistake. This adjustment lowered the Acceptance
escore for the animal from the 74.77% reported by ICI to 22.9%. The effects of
this adjustment on the mean acceptance scores for males (lowered from 43.58% to
32.9%) and all subjects (lowered from 38.10% to 41.0%) were far less pronounced.
Eecause the Acceptance score is relatively stable to occasional lapses in
recovering spillage and because there were relatively few values that were highly
cuestionable, I have elected not to negate any studies of the suspicion that
epillage was not always recovered. I am surprised, however, that ICI did not
catch the problem in study 2556/B.

CONCLUSIONS

1. The efficacy tests reports submitted for yoir PELLET, MINI-PELLET, and wax
block formulations are acceptable. Please indicate, by registration number,
the products to which each of these tests is intended to apply. Although
we can tentatively assigned these studies to> products according to
similarities in names between products and Haits tested, we must have the
confirmatory information from you.

If the formulations in any of your current baits do not correspond to the
formulations that were tested, you must eitner amend the CSFs for those
products so that they do correspond to the baits tested or supply efficacy
data supporting the current CSFs for such baits.

2. The efficacy tests submitted for PELLET, MINI-PELLET, and wax block formula-
tions also were acceptable, although the formulations used in these test
baits cannot possibly correspond to those permitted to be used in your
registered baits. The CSFs that have been accepted for your registered
baits all lack Bitrex. As noted in earlier correspondence, we do not permit
alternative formulations for rodenticide baits. You may, however, register
new products which correspond in formulation to the Bitrex-laced baits that
you have tested. As you have not demonstra:ed that adding Bitrex to the
formulation at 10 ppm offers increased protection for nontarget organisms,
labels proposed for your Bitrex-laced formulations could not state or imply
that the products are less hazardous than corresponding formulations which
lack Bitrex. The label may include a statement reflecting the presence
of Bitrex, although an approved chemical name should be used rather than
"Bitrex", which could be perceived as a safety claim.

If you choose to pursue separate registrations for Bitrex-laced Brodifacoum
baits, you might want to limiting use of su:ch products to sites where
children, pets, and other nontarget organisms potentially at risk are
relatively likely to be found. Although th2 presence of Bitrex in the bait
would not permit deletion of label requiremsnts for protective bait stations
in such areas, any deterrent effects that Bitrex might have might limit the
extent of exposures that would occur if such structures were not used, not
used properly, or compromised.
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At sites where nontarget exposures would be extremely unlikely, applicators
might be better off using baits which lack Bitrex. Comparisons of the
results of your tests of Bitrex-laced baits and baits without Bitrex suggest
that baits without Bitrex performed somewhat better. While overall bait
acceptance by mice seemed not to have been effected by the presence of
Bitrex, we note that there were three subjects in one test (MU 2538/B) with
Bitrex—-laced wax blocks that ate very little bait. Two of these survived.
The third died without having taken a measurable quantity of bait. With
rats, acceptance of pelleted formulations seemed to have been suppressed
somewhat by the addition of Bitrex, although mean acceptances for tests and
sex classes within tests still were at or above 33% in all but one case.
While all bait-exposed rodents died in the trials with baits not treated with
Bitrex, there were survivors in some of the trials with Bitrex-laced baits.,

You also might elect to replace the current CSFs in some or all of your bait
formulations with one of the Bitrex-laced formulations which you have tested.
In this context, note the discussions above regarding possibly diminished
efficacy and the need to test "weathered" wax blocks in order to secure
weather-resistance claims for the Bitrex-lzced blocks.

All future efficacy trials must be in full compliance with EPA requirements
for Good Laboratory Practices.

You may continue to test house mice indiviclually in your laboratory efficacy
trials performed for supporting registrations.

We understand that you are in the process of acquiring larger cages for
laboratory efficacy tests of individual subjects. We look forward to the
results of the "validation studies" which you have promised.

Although your efficacy tests were accepted, we note that, while there were
many control groups fed challenge diet during "exposure" and "observation"
periods, many test groups lacked concurrenti. control groups which used the
same watering procedure. Because Edstrom-watered control groups were not
reported for the Goldsboro trials, the Edstrom-watered bait—exposed groups
really had no true controls. The viability of Edstrom-watered animals in the
absence of rodenticide bait was assumed but. not established in your studies
from Goldsboro. (Although you provided some materials whigh suggested that

it is possible to reduce cross-contamination of watering systems through
appropriate flushing procedures, it is not clear that the system that you use
is superior to proper use of water bottles. The seeming effect of type of
watering system used on bait acceptance by male mice is puzzling. Have
members of your laboratory staff made any observations that might explain
this phenomenon?)

In your test data, we noted some possible instances in which total take
(bait plus challenge diet) seemed to be excessive during the bait exposure
period. Although relatively few total were supect (and most of these

were at least plausible) the figure reported for the third-exposure-day's
consumption of bait by animal #18 in test TMU 2556/B could not possibly
have been correct. We suspect that this animal might have spilled the bait
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dish and that an inadequate attempt was made to recover this loss. 1In
our analysis of the data from this test, we excluded all of this animals
consumption data for day for which the questionable value was reported.

William W. Jacobs

Principal Specialist: Rodenticides
Insecticide-Rodenticide Branch
January 31, 1990






